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Summary
The following summary comments pertain to a preliminary assessment of transmissivity conditions within the Grande Ronde Basalt Formation flow tops (i.e., interflow zones), as they may relate to a variety of fluid/energy storage or sequestration projects within deep Columbia River Basalt formations. Transmissivity is the principal hydraulic parameter controlling well/reservoir injectivity and/or extraction of fluids within subsurface formations. In this regard, the preliminary findings and statistical relationships developed herein regarding Grande Ronde Basalt flow-top transmissivity are considered relevant for feasibility assessments and site selection applications within deep basalts. Salient findings include:
1. Grande Ronde Basalt flow tops exhibit a wide transmissivity range (i.e., 8 orders of magnitude, 10 -4 to 10 4 ft 2 /day), and display log-normal (random) distribution behavior.
2. Standard statistical analysis of the regional data set indicates a geometric mean value for Grande Ronde flow top transmissivity of 2.03 ft 2 /day (50% percentile probability plot). The Hanford Site sub-data set yields slightly higher transmissivity results and relationships with a geometric mean of 3.25 ft 2 /day.
3. Probability percentage distribution plots for flow-top transmissivity were developed and can be utilized to assess probabilities that an intersected Grande Ronde Basalt flow top will possess required hydraulic properties to support various storage/extraction or sequestration applications. For example, probability analysis for the regional data set indicates a ~20% probability that an individual Grande Ronde flow top intersected within a borehole will exhibit a transmissivity value of 36 ft 2 /day (i.e., K = 1.2 ft/day, b = 30 ft, k = 0.50 darcies) or higher, which was the value utilized in recent PNNL compressed air energy storage simulations.
Dykstra-Parsons variation plot analysis indicates that Grande Ronde
Basalt flow-top transmissivities are reflective of highly heterogeneous formation conditions (Dykstra-Parson Coefficient C v > 0.9), with a "maximum expected" transmissivity value (i.e., 2 percentile projection) of 3,950 ft 2 /day for an individual Grande Ronde flow top at a well site location.
5. On a collective regional basis, transmissivity-vs.-depth plots for Grande Ronde Basalt flow tops do not exhibit an obvious depth dependency relationship (i.e., an associated transmissivity reduction with depth). At a few individual borehole locations, however, a consistent, generally decreasing transmissivity pattern with depth (e.g., Hanford Site borehole DC-15, and the Wallula pilot borehole). Statistical boxplot comparisons for the regional dataset, however, suggest a possible weak association for a possible reduction in the transmissivity geometric mean with depth (i.e., to a depth of ~4,000 ft). The lack of a predominant general transmissivity/depth dependency suggests that the transmissivity probability relationships developed for the regional data set are also applicable for Grande Ronde Basalt flow tops at individual borehole locations for depths to 6,000 ft. Figure 2 shows a log-normal probability plot of the same regional Grande Ronde transmissivity data set, indicating the cumulative percent probability of encountering a Grande Ronde Basalt flow top having a specific transmissivity value or higher. For example, based on the compiled data set, there is 50% probability that a Grande Ronde Basalt flow top encountered during drilling over the depth interval of ~1,800 to 6,000 ft, will exhibit a transmissivity of 2.03 ft 2 /day or greater (95% confidence range = 0.8 to 4.9 ft 2 /day). Additionally, if the transmissivity requirements are known for a particular storage/sequestration (injection) or pumping/retrieval activity, then Figure 2 can be used to assess the probability that an individual Grande Ronde Basalt flow top will possess those transmissivity characteristics. For example, a recently completed simulation by PNNL of the performance of a compressed air energy storage/retrieval project required a flow-top transmissivity of 36 ft 2 /day (i.e., transmissivity, T, = Kb; and hydraulic conductivity, K, = (γ w k)/μ w ; where intrinsic permeability, k, = 0.5 darcies; K = 1.2 ft/day and flow-top thickness, b, = 30 ft; for the reference values for the specific weight, γ w , and dynamic viscosity, μ w , of water at standard pressure and temperature conditions).
The cumulative probability percentage plot shown in Figure 2 indicates that there is an ~80% probability that an encountered Grande Ronde Basalt flow top will exhibit a transmissivity less than the required 36 ft 2 /day (or correspondingly a ~20% probability that the flow top will equal or exceed the required value).
Figure 3 shows a log-normal probability plot comparison for the total regional data set (67 data points) shown in Figure 2 , along with the probability plot for the predominant Hanford Site sub-data set (48 data points). As indicated, the Hanford Site data set exhibits slightly more variability (as indicated by the lower P-value), and indicates slightly higher transmissivity values for given probability percentages (e.g., 50%
probability: Hanford Site sub-data set = 3.25 ft 2 /day vs. total regional data set = 2.03 ft 2 /day). The underlying reason for the slightly greater variability and higher transmissivities exhibited by the Hanford sub-data set is currently unknown, but may be attributed, in part, to the relatively smaller sample size. As was the case for the lack of depth dependence, the lack of a general transmissivity/stratigraphic member dependency suggests that the transmissivity probability relationships developed for the regional data set are also applicable for Grande Ronde Basalt flow tops at individual borehole locations for basalt flow tops down through the Wapshilla Ridge member. 
